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METHOD FOR CALCULATING WING CHARACTERISTICS
BY LIFTING-LINE THEORY USING NONLINEAR
SECTION LIFT DATA

By Jemes C. Sivells and Robert H. Neely

SUMMARY

A method l1e presented for celculating wing characteristice by
lifting-line theory using nonlinear section lift data. Material
from verious sources is combined with some original work into the
singlé complete method described. Multhoppl!s systems of multipliers
are employed to ohtaln the induced angle of atbtack directly from
the spanwise lift distribution. Eguetions are developed for
obtaining these mltipliers for eny even number of spsnwise statlons,
end veluss are tebulated for ten stabtions along the semispan for
asymmetricael, symmetrical, and antisymmetricel 1ift distributions.
In order to minimize the computing time and to illustrate the
procedures involved, simplified cowputing forms containing detailed
examples sre given for syumetricel 1lift distributions., Bimllar
formsg for asymmetrical and antlisymmetricel 1ift dietributions,
although not shown, can be réadily constructed in the sars manner
as those given., The adaptation of the method for use with linear
section 1ift data 1s &lso 1llustrated., 'This asdaptstion has been
found to require less computing time than mosn existing mathods.

The wing characteristics calculated from general nonlinear
section 1ift date have been found to agree much closer with
experimental data in the region of marimum 1ift ‘coefficient then’
those calculated on +the assumption of linear section 1ift curves.

The calculetions dre subJect to the limitations of lifting-line theory
and should not be expected to give accurate results for wings of
low aspect ratio and large amounts of swesp.

'INfI‘RODUCTION

The lifting~line theory is the best known and most readily
applied theory for obtaining the spanwise lift distribution of
a wing and the subsequent determination of the serodynsmic cheracter-
istics of the wing from two-dimensional airfoil deta. The character—
istics 8o determined are in fairly close sgreement with experimental
results for wings with small amounts of sweep and with moderate
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to high values of aspect ratlo; for thls reason, this theory has
served as the basls for a large part of present aeronautical
knowledgs, '

The hypothesis upon which the theory is based 1s that a
1ifting wing can be replaced by a lifting line and that the
incremental vortices shed along the span trail behind the wing in
gtraight lines in the direction of the free—stream velocity. The
strength of these trailing vortices 1s proportional to the rate
of change of the 1lift along the span. The trailing vortices Iinduce
8 velocity normel to the direction of the free—stream velocity and
to the lifting llne, The effective angle of attack of each section
of the wing is therefore different from the gecmetric angle of
attack by the amount of the angle (called the induced angle of
attack) whose tangent ie the ratio of the value of the induced
velocity at the lifting line to the value of the free-strean
velocity. The effective angle of attack is thus relsted to the
lirt distribution through the induced angle of attack, In addition,
the effective angle of attack is releted to the section 1lift
coefficlent according to two-dimensionael data for the alrfoil
sections incorporsted in the wing. Both relationships must be
simltaneously satisfied in the calculation of the 1lift distributlon
of the wing.

If the sectlon 1ift curves sre linear, these relationships
may be expremsed by a single equation which can be solved analytically.
In generael, however, the ssctlon 1ift curves are not linesar,
rarticulerly at high angles of attack, and analytical solutions
are not feagible. The method of calculating the spanwise 1lift
distribution using nonlinear section lift data thus tecomes one of
making successive approximstions of the 1ift dlstribution until
one ig found that simultaneously setisfles the aforementioned
relationships. :

Such a method has been used by Wieselsberger (reference 1)
for the region of meximum 1ift coefficient and by Boshar (referemnce 2)
for high~subsonic gpeeds, Both of these writers used Tenil's
system of multipliers for obtaining the induced angle of attack
at five staetions along the semispan of the wing (reference 3).
Teni, however, considered only the case of wings with symmetrical
1ift distributions. Multhopp (reference U4), using a scmevhat
different mathematical treatment from that which Tani used, derived
systens of multipliers for symmstricsl, antisymmetrical, and
agymetrlical 1ift distributions for four, eight, -and sixteen
stations along the semispan. Multhoppts derivation, in slightly
different form and nomenclature, is presented herein and tables
are given for the multipliers for ten stations along the semispan
(the 'usual number of stations considered in many reports in the
United States).
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For symmetricel distributions of wing chord end angle of
attack, the multipliers for symmetrical 1ift distributions may be
uged with nonlinear or linear section 1lift curves., For asymmetrical
distributions of angle of attack, the mulbipliers for asymmetrical
1ift distributions must be used if nonlinear section 1lift curves
ere used, If an asymetrical distribution of angle of attack can be
broken up into & symmetrical and an entisrmmetricel distribution,
the antisymmetrical part may be treated separately if the section
1ift curves can be assumed to be linsar.

The purpose of the present paper is to combine the contributlors
of Multhopp end several other writera, together with some original
work, into & single complete method of calculating the Lift
distributions and force and moment characteristices of wings, using
nonlinear section 1ift dabta. Simplified computing forms ere given
Por the calculation of symmetrical 1ift distributions and thelr use
is 1llustrated by a detalled example. The adaptation of the method
for use with linear section 1ift data 1s also illustrated. No
forms are glven for asymmetrical or entisymmetrical lift distributions
inssmuch as such forms would be very similar to those glven.

SYMBOLS
S wing arvea
b wing span
c chord at any section
Cgy root chord
Cy tip chord
[ mean geometric chord (S/b)
. A b/e2
c mean aerodynamic chord 5 JF ¢~ dy
A sspect retio (b2/S)
x coordinate parallel to root chord
Yy coordinate pefpendicular to plene of symmetry
z coordinste perpendicular to root chord and parsllsl to

plane of symmstry



froe—gtreanm dynasmic pressure ( %—pve)

[ : 3
Reynolds number (B_Eﬁ ‘or 9%-‘-’-) .

mass density -

free—-gtream volocity

coefficient of viscosity

wing 1ift coefficient (L/q8)
section 1ift coefficient (1/qc) -
wing lift _
section 1ift

wing drag coefficient (D/qS)

* wing profile—drag coefficilent

wing induced-drag coefficient

sectlon profille~drag coefficlent

section induced-drag coefficlent

wing drag

wing pitching-moment coefficient (M/qSct)

NACA TN No. 12969

section pltching-moment coefficient about section quarter—

chord point
wing pltching moment
wing rolling-mcment coefficient ' (L.%/qS)
wing rolling moment
wing induced-yawing-moment coefficlent

wing profile-yawing—moment coefficient

angle of att.ﬁck of any section along the span referred

o its chord line
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gy angle of attack of root section referred to its chord
line

g g angle of attack of root section referred to lts zero
1if% line

oy section induced zngle of attack

Qo effective angle of attack &f any section

Cpy section angle of attack for two-Gimensional airfoils

mzé angle of zero 1lift of any section

alos engle of zero 1ift of roobt section

Qg (1.=0) wing angle of attack for zero 1lift

3 geometric angle of twlst of any section along the span
(negative if washout)

et aerodynamic angle of twist of any section along the span
(negative if washout)

€4 geomstric angle of twist of tlp seotion

egt aerodynamic angle of twist of tip seotion

a wing lift—~curve slope, per degrse

B section lift—curve slope, per degree
Two—dimensional :ift—curve slope

Edge~veloclity factor

cos @ cocrdinate (3y/b)

Ap cosfficients 1n trigonometric series

Bmic mltiplier for induced angle of attack (esymmstwicel
distributions)

A miltiplier for induced angle of attack (symmetrical

: distributions)
¥k mltiplier for induced angle of attack (antisynmetrical

distributions)
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T multiplier for 1ift, drag, and pitching-moment coefficients
{asymmetrical distributions)
) multiplier for 1ift, drag, and pitching-moment coefficientes
ns
(symmetrical distributions)
c muitiplier for rolling- end yawing-moment coefficients
B (asymmetrical distributions)
c mnltiplief for rolling-moment coefficient (antisymmstrical
ma. distributions)
E edge-velocity factor (?emiperimete#>
8pun
Subseripts
max wmaximum velue
al value for additional lift (COp = 1)
b value for basic Lift (Cr, = 0)

C%as) value for constant.value of aas-

Gt;) value for given value of Et'

THRORETICAL DEVELOPMENT OF METHOD

Iift Distribution

L3

The mothods of 'Teni (reference 3) end Multhopp (reference 4)
for detormining the induced engle of attack are Tundamentally
the seme, differing only in the mathematical trestment., The
method pressated herein ls sssentirlly the seme as that given
by Multhopp, In the following derivation the spanwise 1ift
dlstribution 1s expressed as the trigonomstric series

‘ E%E =:§::An gin n6 (1)

es in reference 5, vhere 6 is def;ngd.by the relation cos @ = %? .
It may be noted that each coefficient A,, as used herein, is equal
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to Pour timss the corresponding coefficlent in reference 5., The
induced angle of attack (1n degrees) at a point y; on the lifting
line is

. b/2 - CIC
@y = L&Q 2 -——b—i( ) dy (2)
x 8x ay
U-b/2
Ji1 =¥

This integral (in different nomenclature) was given by Prandtl in
reference 6. If equation (1) is substituted into equation (2) and
the variable is changed from ¥y %to 6, +the Induced engle of atiack
at the general point & bhecomes, accordinz to reference 5, '

:nAn sin nd _ (3)

The problem of 'obtaining the induced angle of atbtack is thus reduced
to one of determining the coefficients of the trigonometric seriles.

The 1ift distribution (equation (1)) may be approximated by
e finite trigonometric geries of r — 1 +terms where, for subsequent

c.C
usage, r 1is assumed to be even. The values of —%—- at the equally

spaced points 6 = ZE in the range 0< 6 < x are expressed as
r

(_c%_ci>m = ﬁf.i A, sinn % (&)

Y]
where m =1, 2, 3, « «; r — 1., Conversely, if the values of —-%—-

are known at each point the coefficlents A, of the finite series
may be found by harmonic analysis as

_2 &=l cZQ\ izt o
An_;%;l_(—_;—)m sin n - (5}
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If equation (5) is substituted in equation (3), a double
sumation is obtained for the induced angle of attack as

a4 (6) = —_—‘<Z n sin n6> czc> sin n——
bn 8in @

}*“I'Ji{i)ne (—L-)mlln[cosn(e-%‘£>—cos n(a+n;ﬂr

If the Induced angle of attack 1s to be determined at the same
points 6 et which the load distribution is known, that is, at the

polnts 6 = Im ==, then

. ¢y (k-m):r_ (k + m)=x
Hx = lmr sin—-’-‘- ( )Zn[oosn . r cos.n r

=Z(%ﬁ)m Fuke - ' ' | ‘ ' -(6)
where
180 = )

Vvl

n jcos n k"mﬂ-—cosnﬂc—i—'ﬂ)ﬂ (n

_ll-:trsinl{ﬂr-;j-_ | o r

e

It can be shown that, 1f cos § # 1,

Iz_ilncosnﬁ T cos (r—l)[é-—(r-—l) cos rf — 1
=7 .

2(1 - cos §)
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It ﬁ = 0, a numesrical series is obtained

- nzrgr-l)
2

n=

By use of these relationships in equation (7) it is found that,
wvhen ki m is odd

Bl = 180 1 _ 1 (8a)
lyer sin l;—;’t- 1 - cos LTSJ:;E).E 1 ~ cos _(L_:;mﬂ_
L .
wvhen ksm
- 180r (8b)
8n sin %’5
end vhen kEim isevenand k #m
Bk = O (8e)

For a symmetrical 1lift distribubtion
(czc) . (czc> .
b /m b /r-m

g = Unx

80 that the summetion for @iy needs to be made oniy from
1 to r/2
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r/2
Uy = Z (9‘%‘2 I Mk (9)
m=1

where, when kI m is odd

Mk = Pmk + Brem,k (for m # r/2)
180 cot (ks m)m +rm) X cot [ ""rm)ﬂ' ! (100
= - ——e a8,
orp sin K2| gin {Ermlx  gyp (E-mix
T r T
Amk = Bpe (for m = r/2)
- - 180 (10b)
nr{cos 2kx 1)
T
vhen k=m
Muke = Prie
= 180r — (_']_Oc)
8n sin -i'—
end when kim is eveneand k #m

For an antisymmetricel 1ift distributlon

YRR
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and

Qi =~ Hpx

In this case the summation for a4, mneeds to be made only from 1
to (% — 1) since (Tc7'°> = 0; then
(E ) r/2 ’

r
5t o
¢3¢
[ad = .—l_ ll
ik = . Z ( b )m Vmic (11)
m=1 :
where, when k f m is odd
Tmk = Bk — Preg,k
- 180 1 _ 1 (128)
2nr |oen2 LK +rm)1t gine [k — m}x
when k = m,
Tmk = P
= _lé.@_k; : ' {12b)
81!.’ sin '-I;-
end vhen kEIm is even and k £ m
7D]k =0 (120)

Multipliers cen thus be calculated so that the induced angle
mey be resdily obtained by multiplying the known values of —L=

by the appropriate mulitipliers and adding the resulting products.
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The maltipliers are independent of the aspect ratio and taper ratlo
of the wing. Tables I and II present values of Bpy, and xmk

and 7mk: respectively, for r = 20. Simlilar tables for —BOkmk

and ~807mk are given in references 7 and 8, respectively, but
2%

no dgrivation 1§ given therein. Tables for lBOBmk’ lSOAmk’ and igaymk

are given in reference 4 for values of r =8, 16, and 32. An

inspection of tables I and II shows that positive values occur only

on the diagonal from upper left to lower right and that almost half

of the values are equal to zero. The muliipliers By and

nay be used with either nonlinear or linesr section 1lift data whereas

the multipliers for 7. may be used only with linear sectlon

1lift data.

The method of determining the 1lift distribution becomes one
of successive approximations. For & glven geomsiric angie of attack,
a distribution of ¢3; 1s assumed from which the load distri-

bution E%E is obtained. The induced angle of attack 1s then

determined by equation’ (6), (9), or (11) through the use of the
appropriete multipliers and subtrscted from the geometrlc angle

of attack to glve the effective angle of attack at each spanwlse
gtation. From section data for the sppropriate airfoll section and
local Reynolds nunmber, velues of ¢; are read which correspond

to the effectlive angle of attack of sach section. If these values

of ¢, do not agree with those originally assumed, a second
assumption is made for c¢; and the process is repeated. Further
assumptions are made until the assumed values of ¢, are in agreement
with those obtained from the section dats.

Wing Characterlstics

Once the 1lift distribution of & wing has been determined, the
maln pexrt of the problem of celculeting the wing characterictics
is completed. The induced-drag and induced~yawing-moment coefficients
are entirely dependent upon the 1lift distribution and it is assumed
that the section profile-drag and pltching-moment coefficients are
the game functions of the 1lift coefficient at each section of the
wing as those determined in two~dimensionsl tests.

The celculation of each of the wing coefficients involves &
spanyise 1ntegration of the dietribution of a particuler .

function fkT? This integration can be performed numerlcally

through the use of additional sets of multipliers which are found .
in the following manner.
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If T
f(gbl) = £(cos 6) =Z A, sin ne

then

1 i
U/-]-l f(%z) d{%}) = Ufo (ZAH gin ne) gin G 46

=?é£A1

Since the values of f(%ir-) are determined at the pointe 9 = 1’-:1,

Al cen be found by hermonic enslysis as in squation (5)

i
_2\ gz) mr
Al I‘Li(b msin -
m=1
Therefore
1 r—1
ANCATE D I AN
fl f(_ﬁ- a b)—I'Lf(-D msin
r—-1 .
VAN g.z)
-2\ fbm'qm (13a)
m=1
whers
b mr
= = gin =%
"m 2r r
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If the distribution is symmetrical, f(%-‘t) = f(-%z) and
m T

1
/-1 (%) %) -2 :ﬁ (25), " (130)

where

The moment of the distribution f(-zl) can be found in a esimilar
menner. b

1
f

[ ) @) () - [[(T )0 cor o

=k Zf(gz)m Om (1ka)
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where

= B Prasid
O 8 sin -

If the distributlon is antisymmetrical, f(?i) = ~f 21)
b/m b /e

[ @@@ S @

where

Open = 20m

ars glven in teble IIT for r = 20,

Values of 1, Ts? Om? end o,

Wing 1lift coefficlent.— The wing 1ift coeffilcient is obtained
by means of a spanwise integration of the 1lift distribution,

b/2
G, = % c,c dy
—b/2
1
2 1 b b/

If the 1lift distribution is asymmetrical

r—1
Cr = A (G G_ 15a
G, E '%- " (15e)

m=1
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If the 1lift distribution is symetrical

AR

m=1L

Induced—drag coefficlent.— The section induced-drag coefficlent

is equal to the product of the section 1ift coefficlent and the
induced angle of atteck in radians,

The wing induced~drag coefficient is obtained by means of a spanwise
Integratvlion of the section induced—drag coefficlent mmltiplied by
the local chord;

b/2
180 i '
b/2 '

(€23 (and

e

1

_ A d(éz)
2 b 180
-,
For asymmetricel 1lift distributions
N r—l
Op, = = —l—~ ) 6

For gsymmetrical 1ift digtributions

1 180 Z‘[ (c (%] mnms | (16p)
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Profile~drag coefficient.— The section profile-drag coefficient

can be obtailned from secticn data for the appropriate airfoll section
and local Reynolds number. For each spenwlse station the profils-—
drag cosfficient 1s read at the section 1ift coefficient previocusly
determined. The wing profile—drag coefficient 1s then obtalned

by mesns of a spanwise lntegration of the sectvion profile-drsg
coefficient multiplied by the local chord:

b/2
Cp, ?.% ca, ¢ &
-b/2
1
_ 1
=3 °do““( 7)
g

For asymmetrical 1ift distributicns

ZI (cacz). ™ - (17e)

or for symmetricel lift distributions
r/2
Ch = ; £ 1
Lo (Cd_o_a)m nt ( Tb)

Pitching-moment coefficient,— The section pitching-moment

coefficient about its quarter—chord point can be ocbtained from
Bection date for the spproprlate airfoll. section and local
Reynolds number. For each spanwise station the pltching-moment
coefficlent is reed at the section 1ift coefficlent previously
determined and then tramnsferred to the wing reference point by the
equation
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o Flcmc/h ~Z ¢y cos (g —ag) + cq, sin (ag — @ii}

¢, sin (o —ay) ~ cq,, cos (ag ~ aii] (18)

-z
c

vhere x end 2 &re measured from the wing reference polnt to the
quarter—chord point of the sectlon under consideration and upwerd
and backward forces aund disbances are taken as positive. The
section pitching-moment coefficient about ite aerodynamic center mey
be used instead of Gmc/h’ in which cege x and 2z are measured

to the section aerodynamic center, The term cg, sin (ag — oy) may

usually he neglected. The wing pitching-moment ccefficlent is obtained
by the spanwise integration

b/2
1 _
n _S_c—: b/a Cm 02 dy

[ )

For asymmetricel 1ift distributions

<
1

It

Oy = 2( )nm (192)

For symmetricel 1lift distributions

%’(c c2

coc!

(15b)

Rolling-moment coefficilent.—~ The rolling-moment coefficient
is obtained by means of a Sperwise integration ' ' o
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b/2
Cy =~ = ©yC¥ dy
~b/2

-4 _lc 2y d<?y>
L

r—1
'ﬁAZE::(E%%>m O (202)
m=1 :

For an antisymmetricel 1lift distridbution

i

l

0, = ~.A‘\— (-"JE\ O (200)

Induced—~yawing-moment coefficient.— The induced—yawing-

mement coefficient is due to the moment of the indvcedrdrag
distribution o :

! LT b/2 . R

= "_C_LS%L
,Cni_ . 8b 180 ?dy.
/2

T (Ey)
L b EE% b (i'b

~?”;;= :ggig::(Sli.q?)m.%? | :f_ﬂ : .(21)
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The induced~yawing-moment coefficlent for an antlisymmetrical 1lift
distribution is equal to zero and has little meaning inesmich as

the 1ift coefficient is also zero. The induced~yawing-moment
coefficient 18 a function of the lift and rolling-moment coefficients
end must be found for asymmetrical 1lift distributions.

Profile~yawing—moment coefficlent.— The profile—yawing—
moment coefficient 1s due to the moment of the profile-~frag
distribution,

b/2

J
=
.
| oad
e}
ol g’
Q
n
|G
[N
N
&
N

r—1
-5

"""" e

APPLICATION OF METHOD USING NONLINEAR SECTION LIFT DATA
FOR SYMMETRICAL LIFT DISTRIBUTIONS

The method described is applied herein to a wing, the geometric
characteristlics of which are given in table IV. Only symmetrical
1ift distributions are considered hereinafter inasmuch as these
are believed to be sufficient for illugtrating the method of
celculation. The 1ift, profile-dreg, and pitching-moment coefficlents
for the various wing sections along the span were derived from
unpublished airfoil data obtained in the Langley two-dimensional
low~turbulence pressure tunnel. The original afrfoll data were
cross-plotted against Reynolds number and thickness ratio inasmuch
ag both varied along the span of the wing. Sample curves are given
in figures 1 and 2. From these plots the mection characteristics
at the varlous spanwlse stations were determined and plotted in the
conventionael menner. (See fig. 3.) The edge-velocity factor K,
derived in reference 9 for an elliptic wing, has been spplied to
the section angle of attaock for each value of section lift coefficlent
as follows: '
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E(a azq + %o

Lift Distribution

Camputation of the lift distribution at an angle of attack
of 3° is shown in teble V. This teble is designed to be ussd where
the muitiplication is done by means of a slide rule or simple
calculating machine. Where calculating machines capable of performing
eccumulative multiplication are avallable, the spaces for the
individuel productes in columns (6) to (15) .may be omitted and the
table made smaller. (See tables VIT and VIITI.) The mechanics of
computing are explained in the table; however, the method for
approximating the 1ift coefficient distribution requires some
explaenation. The initially agsumed lift-coefficient distribution
(column (3) of first division) can be taken as the distribution
given by the geometric angles of atteck but 1t is best determined
by some simple method which will give a close approximation to the
actual distribution. The initial distribution given in table ¥
was gpproximated by '

S az‘/l_aze'
T ie18|2 W (b) ()

where Cile is the 1ift coefficient read from the section curves

for the geometric angles of attack. This equation weights the 1if%
distrivution according to the average of the chord distribution of
the wing under consideration and that of an ellipticel wing of the
sams aspect rdtio and span. When the 1ift distributions at several
engles of attack are to be computed and after they have been obtained
for two angles, the initial assumed ¢y distributicn for subsequent
angles can be more accurately eatimated in the following manner:
Values of downwash engle are first estimated by extrapolating from
values for the preceding wing angles, and then, for the resulting
effective angles of attack, the 1ift coefficients are read from the
section curves.

The 1ift coefficients in column (183) of table V, read from
gection 1lift curves for the effective angles of attack, will usually
not check the assumed values for the first approximation. In
order to select assumed values for subsequent spproximations,
the following simple method has been found to yleld satisfactory
results. An incremental value of 1lift coefficient &Acy,, 1s obtalned
according to the relation (numbers in parenthesis are columns
in table V):
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pop = K28 = g+ 3[08) - G)]a+ [08) - 3w
m
K

where K has the following values at the spanwlse stations

5 X
0 to 0.8910 8 to 10

.9511 . 11 %o 13
9877 14 to 16

and |(18) - (3i]m is the difference between the check and assumed
values for the mth spanwise station. The incremental values so
determined are asdded to the assumsd values in order to obtailn new
agsumed values to be used in the next spproximation. This method
has been found In practice to meke the check and assumed values
converge in about three approximations if the first approximation
is not too much in error.

Wing Coefficients

Computations of the wing 1lift, profile~drag, induced—drag,
and pltching-moment coefficients are shown in teble VI. Since the
lateral axis through the wing reference point contains the quarter—
chord points of each section, the x 'and 2z distences in
equation (18) are zero, and the pitching-moment coeffiolent of
the wing is determined solely by the values of cmc/h'

APPLICATION OF METHOD USING LINEAR SECTION LIFT DATA
FOR SYMMETRICAL LIFT DISTRIBUTIONS

Although the method described herein was developed particularly
for use with nonlinear section 1ift data, 1t is readily adaptable
for use with lineer section 1ift data with a resulting reduction in
computing time as compared with most existing methods. Vhen the
section 1lift curves can be assumed linear, it is usually convenient
to divide any symmetrical 1lift distribution (as in reference 10)
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into two parts — the additional 1lift distribution due to angle of
attack chenges and the basic 1ift distributlion due to asrodynamlc
twist. The calculation of these 1lift distributions 1s illustrated
in tdables VII to X for ths wing, the gromstric characteristics of
which were given in table IV.

It should be noted that tables VII and VIII are essentially
the same asg table V bubt are designed primarily for use with
calculating machines capable of performing eccumnletive multi-
plication. TP such machines are not avallable, these tebles may
be constructed similar to table V to allow spaces for writing the
individuel products.

Lift Cheracteristics

Two 1ift distributions ere required for the determination of
the gdditiconal and basic 11t distributions. The first one is
obtained iu table VII for e constant angle of atback Cag (¢ = 0)

end the second one in table VIII for the angle of attack distributlon
due to the aerodynsmic twist (wag = 0). The check values of —%—
(column (18)) are obbtained by multiplying the effective angle

of atbtack ag. by c. The final approximetions sre entered in

teble IX es (Tl—) and 9%9

\cx’as) . (Et')
cyC
~l—)( distribubion is the additional 1lift distribubtlion
%ag)

corresponding to a wing 1lift coefficient CL(aa ) determined in
S
table IX through the use of the multipliers wnpg. It is usually

, . . Cla}C
convenient to use the additional 1ift distribution 5 corresponding

to a wing lift coefficient of unity. This distribution is found
by dividing the values of -L—) by Cf,
(cag) (

The (?7 ‘ke " distribution is a combination of the Dbasic 1lift
t

distribution and an additional 1lift distribution corresponding to
a wing lift ccefficisent CL(e ') also detormined in table IX. The

Cip®
basic 1ift distribution 'TT“ is then determined by subbtragting the
c.C

°1a1° ( 1
additional llf? distribution -5 CL(et ) from . (Et')
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Inssmuch as the wing lift curve is asgsumed to be linear, it is
defined by its slope and angle of attack for zero 1ift which are
elso found in teble IX. The meximum wing 1ift coefficient is
egtimated according to the method of reference 10 which is illustrated
in figure 4. The maximum 1ift coefficient is comsidered to be the
wing 1i1ft coeffilicient at which some section of the wing becomes
the firet to reach its maximum 1ift, that 1s, ¢y, + Cf €1 = ©lmax

This value of O, is moot convenilently determined by findipg the

minimum value of Sl T Ot along the span as illustrated in table IX.

CZ&.’L

Induced~Drag Coefflcient

The section induced~drag coefiicient is equal to the product
of the sechion 1ift coefficient and the Induced anglie of attack
in redians., The 1ift distribution for any wing lift coefficient is

c c C-LC
- =

The . corresponding induced angle of attack disbtribution may be
written as

@y = &g Cr, + %1y (24)

The velues of a3, and aj, are determined in teble X in the

€1.1C Cy, C -
seme manner ag 121 and —%f— in teble IX. The induced-drag
distribution is therefore

TR L
P b 57.3

or
c

. c a !
cq4C _ digy G2 & —22 o s b (25)
b b b ' b
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where ‘ :
®d101% _ “lay® Mgy (26)
b b 57.3
Cdig1pC - ©781° %4y . czbc féél 27)
b b 57.3 b 57.3
and

cdi’bc _ Gz-bc d'i.b
b b 57.3

(28).

The calculebicn of each of theses induced—dirasg distributions is
illustrated in table X together with the numerical integration of
each distribution to obtain the wing Iinduced—drag cocefficient.

Profile-Drag and Pitching-Moment Coefficients

The profile-drag and pltching~moment coefficlents for the
wing depend directly upon the section data and therefore their
calculation is the sems whether linesr or nonlinsar section 1lift
data are used. Forr the linear case the section 1lift coefficient is

Cc, = C + C
1= %1, Lt ooy

for any wing coefficient Cj. By use of this value for c, the

profile—drag and pliching-moment coefficlents are found as in
table VI.

DISCUSSTION

The characteristics of three wings with symmetricel 1ift
distributions have been calculated by use of both nonlinear and linear
section 1irt deta and are presented in figure 5 together with
experimentel results. These date were teken from refersnce 11.

The lift curves calculated by use of nonlineasr section lift data
ere in close asgreement with the experimental results over the
entire range of 1ift coefficients whereas those calculated by use
of linsar section 1lift data are in agreement only over the linsar
portions of the curves as would be expected.
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It must be remembered that the methods presented are subject
to the limitations of lifting-line theory upon which the methods
are basged; therefore, the clome agreement shown in figure 5 should
not be expected for wings of tow aspect ratic or large sweep.
The use of the edge--velocity fachor more or less compensstes far
some of the effects of aspect ratio and, in fact, appears to over
compensate at the larger values of aspect ratio as shown in figure 5.

Additlonal corparisons of calculated and experimwental deata
are given im reference 1l for wings with symmetrical 1ift dilstributions,
but very 1littls comperable data are availaeble for wings with
asymmetrical 1ift distributions. - Such date sre very desiirable
in order to determine the reliability with which calcwiated data
may be used to predict experimerntal wing characteristics. -

Langley Menorial Aeronauticel Laborakory
National Aévisory Comittee for Aeronautics
Langley Field, Va. December 20, 19k6
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TABLE T.~ YNDUCED-ANGLE-OF-ATTACK WULTIPLIERS @, FOR

o = 85 (), pu]

ASYMMETRICAL LIPT DISTRIBUTION™

. 21 [-0.0877 | -0.951 -0,8910 | -0.8090 | ~0.7071 | -0.5878 | -0-h4540 | -0.3090 | -0.1564 0

T Y T 18 17 16 15 U 13 12 11 10
«0.9877] 19 915.651 | -166.985 0 ~7.019 0 -1.ho1 0 -0.486 0 ~0.250 1 |0.9877
-.9511[ 18 | ~329.859 | L63.53% (-172.Th9 0 ~T.1438 0 -1.792 0 -0.701 0 2 #9511
-.B910| 17 0 ~180.336 | 315.512 | -96.,737 0 ~7.073 0 -1,920 a - 815 | 3 8910
-.8090] 16 -26.57) 0 ~225,2h6 | 2L43.69) [-81.067 0 "~6.680 0 -1,977 0 N .8090
=.7071] 15 0 -17.020 0 -97.524 [202.571 | ~T1.139 0 ~6.391 0 -2.026 | 5 707
-«5878] 1, -7.2Lé 0 =12, 604 0 81,392 | 177.05% 6L.735 0 -6.228 0 6 5878
~sho| 13 0 ~5.186 o ~10.126 0 ~71.296 160,761 -60.725 0 -6.192 | 7 540
~.3050| 12 -2,958 ] ly.022 0 -8.596 0 6,817 | 150.611 [«58.51L ] 8 3090
-.1584 1 11 0 -2.211 0 ~3.522 0 ~7.60} 0 -60.768 [145.025 -57.812 9 1564
0 |9 ~1.468 0 -1.804 a -2.865 0 «6.950 0 -58.55% | 143.239 | 10 0
<156l 9 0 ~1.153 0 ~1,518 i) -2.55) Q -6.530 0 -57.812 11 | -.158]
«3090| 8 ~-,810 o} -.9L46 s -1.319 0 -2.340 0 ~6,288 0 12 | =.5090
Lsho| 7 0 -, 846 0 -.800 0 -1.176 o «2,092 | 0 =6.192 13 | =.4540
56878 & ~ 0467 0 =530 0 - 691 o -1.068 0 -2.092 0 1, | ~.5878
| 5| o | -] o 4l | o Zeoh | o —98L | 0 |-2.02 | 15| -.7om1
8090 L a.261 0 -.29] 0 - 366 0 -.528 0 -.903 0 16 | -.Bog0
8910 3 o ~.192 0 - .225 ,a - 4297 0 -.52 0 -.819 17 | -.8910
W9511 | 2 118 0 ~ 130 0 -.161 0 -.22, 0- - .361 Q 18 | -.9511
9877 1 0 - .060 0 -.069 0 -.090 0. -.15% 0 -.230 1% { -.9877
1 2 L] L 5 6 7 8 9 10 » _251

9877 .9511 8910 .Bogo STOT .5878 sho 3090 1564 0 2

% yalues of X at top to be usad with valuse of m at left slds,

avnluea of k at bottom to be used with values of m et right aide.
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TABLE II.~ INDUCED-ANGLE-OP-ATTACK MULTIPLIERS )\nk FOR SYMMETRICAL LIFT DISTRIBUTIORS AND vy, FOR ANTISYMMETRYCAL

LIFT DISTRIBUTION3

MULTIPLIERS A .

Uiy '% (2;—6)“)\111:

E-’bl 0 0.1564 0.3090 0.4540 0.5878 0.7071 | 0.8090 0.8910 0.9511 | 0.9877
'251 l‘ 10 9 8 7 6 5 I 3 2 1
o 10 { 143.239 -58.5%33 0 -6.950 0 -2.865 0 ~1.804 0 -1.468
0.156) 9 |-115.624 1U5.025 |-67.298 0 -10.158 0 -4.8L0 0 -3.39L 0
3090 -8 0 -6.802 |150.611 =-674157 0 -9.916 0 =1.968 o =3.T68
Lslo 7 | -12.38}4 0 ~62.917 [160.761 =T2.472 ] -10.926 0 -5.812 0o
15878 6 0 -8.320 o -65,803% 177.054 |}-82.083 0 ~13.13 o -7.71%
7071 5 =105 0 -T.372 0 =71.7h3 |202.5T1 =97.965 0 -17.388 0
.8090 L 0 -2.880 0 -7.208 0 ~81.13L 2h3.694 |-125,537 0 ~26.635
+8910 L] -1.638 0 ~2.371 0 ~7.370 o -96.962 315,512 |-180.528 0
+9511 2 0 -1.062 0 -2.016 o =T.599 o -122.880 L463.533 1329.976
9877 1 -0.459 0 -0.620 0 -1.491 v] -7.089 0 -167.045 |915.651
KULTIPLIERS v, ai“=i(g%i) ok
n= m
« 156k 9 Ws5.025 | -54.237 0 ~5.0h9 0 -1.-Boly o -1.087 o
+3090 8 =52,.226 150,611 -62.477 o) ~T.27TT Q -35.076 o -2.107
Jisho 7 0 =58.533 160.761 | -70.120 0 -9.326 0 -4 .519 0
5878 & L.136 ] -53.668 | 177.054 |-Bo.701 (] -12.07) 0 -6.779
L7071 5 0 -5.410 0 -70.535 |202.571 -97.084 0 -16.651 0
«8090 L ~1.074 0 =6.152 ] -80.701 205 .69) =12}.955 o -26.113
8910 3 0 -1.468 0 -6.T15 [ ~96.512 315.512 [-180.145 o
.9511 2 =340 0 -1.567 o -7.217 0 ~122.619 163.555 |-529.741
9877 1 0 ~.35% 0 -1.z11 ] -6.950 0 ~166.926 915.651
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TABLE III

o= WING-COEFFICIENT MULTIPLIERS

%I m Thn Thng Sm Oma.
-0.9877 19 | 0.01229 -0.00607

-9511 18 .02L27 -.01154

-.8910 17 .03066 -.01589

-.8090 16 .04 616 -.01867

-T7071 15 | «05554 -.0196l

- 5878 1 .0635) ~.01867

-1;540 13 .06998 - 01589

-.3090 12 07470 - =0115)

- 156l 11 07757 -, 00607

0 10 .0785 0.0785l; 0 0

.156L 9 07757 .15515 .00607 | 0.0121}4

«3090 8 .07L70 .1L939 .0115}; .02308

1540 7 .06998 .13996 01589 | .03177

.5878 é 0635l .12708 01867 | .03735

.7071 5 .05554 .11107 0196 | .03927

.8090 I 0L 616 .09233% .01867 03735

.8910 3 .03066 07131 .01589 | .03177

«9511 2 0227 .0485) 01158l | .02308

.9877 1 .01229 .02L 57 .00607 .0121h
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TABLE I¥ - GEOMETRIC  CHARACTERISTICS EXAMPLE - WING.
i 2,5 Root sectio __RACA Lhi20
Aapact rati 1A% 10.05 v section NACA W12
Spon ,b , ft 15.00 Geometric twist, €,,deg -5:50
Arec,S , sq ft 22.39 Asrodynamic twist, €;deg -5.50
Root chord , 2,143 Edge velocily factor,E o
Mean chord, & ,ft 1,49% Wing Reynolds number, R 2,490,000
Msan gerodynamic chord,c',ﬂ.__l'ig_ -5-90
2y t -6 [ ¢ c Qg C € €, deg e deg
—_ _— Rx |0 : —— —_ Qg & = ] '
b c Cg b & b Ebaom Geom. | Aero.
© l0.200 [4.70 |;.0000 [0.1429 |1.435 0.0969 [0.01385 o 0 0
01964 | 195 |L.26 £9062 | ,1295 |1.300 .0073| .01260 ,0690| -.2 [-0.235
3080 188 | 3.83 L6 .316h [1.169 +0978 .01158| 1527 -.5% j--,516/
4540 | g0 [ 3.2 | .7276] .10ho [1.04h 098l | .01 2496] -.87 | -.8L9
87 | a7 [ 3.0h | .6473| .0925 | .929 .0991| .00017| .z632)|-1.27 |.-1.235
107 | a6 2070 | .5757] 0823 | .826 .0999| ,00822| .h913z|-1,72 |-1.670
8090 | 50 |22 | .sé] .0735 | 739 L1007/ .007ho| .6288|-2,20 | .2.128
8910 | 139 | 2.18 | .uésh| 0665 | .668 2010 | .0067L| .7658|-2.68 | -2.604
AW 1 129 | 2.02 | A2zl L0613 | .616 1020 | =3,30 | -3.013
9T | aes | ah | .z062] .oz | 3o .2021| .oolh6| .0698)-3,39 |-3.2907
For tapered wings with straight-line elements to construction tip
4= (-8) ® :

(Alter values of c/cg neor tip to allow for rounding}

(use vae of c/G; before rounding #p)
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TABLE X .- CALGULATION OF LIFT DISTRIBUTION Fon__mm:_wms?
First approximation
() _Je) e (e [(51 [ ey [ (71 [ te) [ (o T Loy TLn [ T2 | Us) I (%) | (s)_[ae [ [ sl
_251 gl | e ) i X column(5) o | gk S
b b
Yoo e} puoma{Tatie 1 9x 14} | O 1.1564 | 3090 | .4540 | 5878 | . 7071 [ .8090].8910 |.6511 | 9677 E"ﬂg’mew“
o 143.239 |-58.53 ] ~-6.950 [o] -2.865 [+] -1.804 o] -1.468
3, 3 0,128 0,073% 10,50 |h.29 -] =451 g [-.23 o =13 o =11 h.88(1.22 l0.l6h]
h1s64a 15.624!145.025 - o] 10,158 Q ~4.840 Q -3.394 o
2,74 .517 (1299 ,067¢ ~7.75 9,72 251 (4] =68 9 =32 g =23 (\] . | .
o leasoziiso.cll [-67.157] o [-9916 | © |-4Ses o -3768 |
.3090
2.k . 1] ~%,9% 9.17 -h.09 9 =60 1] =30 ('] =23 2SN L57 - )
2384 o |-e2917(i60.76! |-72.472] O© -10.926 o _|-5.812 o I
4540 2.19_,519 .1ohg 2267 (s] =510 | 8,68 =3,91 Q =59 ! 0 =31 0 25
Q -8.320 Q -65.803177.054(-82.08 [+] -13.134 (¢} “7.713
-5e7e 1.7% . 20929 .0k o =39 o |-3.05 8.20 |[-3.80 Q =61 0 ~36 600,13 +5008
7071 -4.051 o -7.372 o) ~71.743 [202.87! |-97965 o] 17.388 o]
70T, | L0824 Lo%ed -6 0 29 o |-2.82 |7.06 [-3.85 0 68 | o w65 .63 | il
80%0 [s] -2.880 [s] -7.208 2] -81.434 [243.694{-125.537 o] -26.635
- R 43d .o734 .0318 o =209 0 =23 0 [-2.57 779 K [ -8 55 .25 blg
8510 -1.638 o |-237I 0 |-7.370 0 |-96.962(315.512 180528 0
. 23 20668 =.0f 0 =306 0 -18 %_ -2.32 o5k - h.31 [+] 2,10 1%
o8Il [+] -1.062 o 2016 | . O -7-895 [o] -22.880/4683.533-329.976(
. -3 280 .0613 0174 © =.02 ) -.03 o =13 0 |-2a1 ;% -5.68 JTE87 | .
-0459] O [o.e20 o - 1.491 0 [-708% 0 H6r045/9(5.631 *J-
-8877] -.39 ,226 .oh37 .0} ('] 9 =:0) 0 =201 [°] =07 o = 1.67 | 9.16 1.94r2.33 | .1
Z|1.88 .98 .90 TT .60 .65 .55 b2 - 77 | 1.54
Second approximatl
143.239 -58.533 0 6950 [s) 2865 (o] -1.804 1) 4468
o L o8 lak2e {0712 | 10.20 |[-k.3i7 g ~k9 Q__P._zp o =3 0 =10 13,631,391 491
1564 15.624{145.025]-67.298 [e] -10.158 ¢} -4.840 [o] -3.394 [¢]
2.78 .516 11,1295 11,0668 ) -7,72 9,69 k.50 2] ~,68 g =32 o] =23 g 1.0711.69] o
0 [-s4.802[1S061l [67.187] O -9.916 ] -4.968 o0 |-3768
-30%0 2.7 .52l {12 <0610 <] =3.95 9.19 |-k.0 0 -.60 [*] =30 (] =23 99 1. ik
4540 -12.384 o] F62.917/160.761|-72472 o} -10.826 [+] -5.812 o]
i 2.1 .517 l.10ko |,0538 =.67 Q -5.1&__&_._63_( 3,90 Q =259 [+] =31 [1] o7ld 1.30 | .517
5878 [s] -8.320 [+] -65.803]177.054/-82.083 0 -13.134 =] -7.713
. 1.7% ,500 l.0325 |.0l:6% Q =39 0 =3.05 8,20 {-3.80 | o =61 [ =36 .60 1,13 | .500
7071 -4 051 [¢] -7.372 0 -71.743 [202571|-97965 [¢] -{7388 [+]
: 1:j .178 }.0823 1,039% [ -.16 o =29 [ ~2.82 sl.gﬁ | -3.85 0 -.68 0 . .70} L8
8080 [¢] -2.880 -7.208 [+] 434 | 243694(-125.53 7| O [-26.635
: 80 bl Lorss Lo 1) =09 9 =23 o] 2.6 7:90 _|-b.07 | =86 Y .19) ki3]
8si0 -1.638 0 |-2.371 O [-7.370 O |-98.96% 315.51 m"ﬁs []
10665 [.025Y | -0 (1] =06 1] =19 =2.46 =l .59 79 =.38] .386]
o511 0 |-1.06Z2 o |-B.016 [ -7.!99? 0 H 4635333299
i =1 10613 _1,0179 Q =02 1] =0l Q =1l 9 =2.20 8.30 |-5.91 89 ~.99} 312
0877 -0.459 4] -0.620 0 ~1.491 [o] -7.089 [+] HE7.045] 915651 j
. - 219 l.alix7 oq% 0 9 =201 0 ~o1| .o =0T 0 -1.60 [ 8.9 |1.33 -1.74 .228
1.61 1.0T. 95 7h +60 258 262 270 .89 1,33
Third_approximation
[ o_ —r 143239]-68535] © |-6.950 0 [-2865 o [-1ece 0 [-1468
3,00 Jhor! .2k2s| .0730] 10,37 [-%.16 0 =.h9 0 =20 0 W13 0 =10 55 10.h5 (g7 |
o 1564 -115.62 4|145.02567.298 0 |-l0.158 ] -4.840| o0 [-3.394 0
2.74 .517! J1295) .0670] -7.75 9.72 |-h.%51 [*] --68 [+] -—32 | @ =23 Q 212 N6 |.%18
3090 O  64.802|I50611 [-67.i57] O -9.916 0 |-4968 0 -3.768
247 . 2118k | .0 [o] 3,90 9.16 =08 a 60 o] =30 9 ~23 291 .56 1,521 |
4540 -12.284 <] -§2.917[160.761|-72472 [¢] -10.926 Q -5.812 0
. 2.1% 516! ,20h0{ ,0537| -.67 0 [-3.38 8,63 | -3.8 0 =59 [ =31 0 9 [.517
5678 [ -8320 o} -65.803 [ 1 77.054{-82. [¢] -13134 [¢] -7.713
. 2.7% 500/ ,0925) .oké63] © -.39 o _|-3.05 8.20 |- =61 9 ~36 |.600.1% [,500
7071 ~4.051 o |-7.372 0 71743 [202571|-5796 0 |-17388] ©
N 1 L79 | .0823 | 039k -,16 g -29 Q -2.8% 7. ~ .60 259 | .69 k79
8050 O 2880 [<] -7.208 0 8L '2'33%4!425537 1] -2&35
: Jhs| L0738 | w0326] o -.09 g 23 o |-2.65 7.9 |- 87 8 llh2
8910 -1638 0 |-237t o [-7370 0 |seee2 315%2 480.%28 0
i %85 1 ,0665] 025681 -.0h 1] —.06 0 =19 Q =248 8, Bh.&2 Q = 186
o511 O [-1.062 0 |-2.016 0 |-7599 0 12288 4535333‘23‘57_5
. ~.10 ,299 | ,0623 | ,018% o -.02 <] =0l Q =1 o =225 R -5.;!; o
9877 -0.459 [ -0.620 - 1.491 0 [-7.089 0 |467T045|9(56 08,300
=3 Q27 | Q [] =.01 [+] =01 ] =07 0 =1 .97 ELERYCTS zzbJ
1.55 1.12 K:)) <2k £0 59 £2 70 g9 1.37

c'hlnhers cppecring in porentheses dencte column  number.
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TABLE YT .- CALGULATION OF WING GCOEFFIGIENTS FOR

EXAMPLE wine?
[A=.20.05 ; @, __3.00 1]

() (2) (3) (4) (5) {6) {7 (8) {(9) (10} (an (12)
2y tMultipliers . ¢ a iz‘bﬁi ‘ cq s %%E_ . o .

b | s |oler koo | s ) Jrapiew [261n | aptarny | (7hx o |SeCHion (Totie 20| Gobs ()
0 007854 0.0710' 1.55 | 0.1101| 0.497 1 0.0077{1.435 | 0.0110/-0.081 | 1.932 |~0.156
0.1564 | 16515 L0670| 1.12 .0750| .517| .0078|1.300 .0102| ~.081]1.586 | -.128
3090 | 4939 | L0608 .91 0553 .522| .0076(1.169 .0089| -.0811}1.282 | -.104
4540 | .13996 0537 .Th .0397 .516 | .0076{1.0L} .0079| =-.082}1.022 | -.084
5878 | 12708 | .oh63| .60 0278 500 .0076| .929 0071 ~-.085| .809 | -.069
T0TL | 107 039L| .59 02321 Jy79| .0076| .826 0063 -.090| .6ho -.058
.8090 | 08233 .0326| .62 0202|° L4z L0076 739 .0056| =-.092| .512 | -.0L7
890 [ 0731 .0256| .70 0179 .385| .0076| .668 .0051| -.092| 418 | -.0%8
9511 o04g54| 0183 .99 0181 <299} .0076]| .616 00h7| -.092| .356 | -.0%3
9877 | o2as7| .0098] 1.37 O3l 224 | 0079 439 .0035( -,091| .181 | =-.016

c, = axf2)x (3= _.0.L90
Co; * A 3f2)x (51]/57.3 = 0.0078

Co,= X[(2)x (9)): 0.0077
C* =[2)x vel: __-0.08)

9 Numbers oppearing  In  porentheses dénole  Column  numbers.
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TABLEYIL -~ CALGULATION

OF LIFT DISTRIBUTION FOR ...__ G WING;, =0
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TABLE X .- CALCULATION OF |INDUGED — DRAG COEFFICIENT FOR__EXAMPLE wING @
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Figure 1.~ Variation of charsoteristlics of NACA 421 airfoil with Reynolds number. (Similar eurves

plotted for each thiekness ratlo.)
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Plfgge 2.- Variatlon of characteristics of ¥ACA Ll-series alrfoll with thickness ratio,
’

2y/b = 0.

Z "81d

020
¢
016 A
1.1
|~ |1
Cdo 0/2 1] {;///;.::.:
—_— ..-—-‘::/ ;—’422.30 7
.aw ": " ——— o2
004
/)
/2 14 16 18 20 22 24
e
{v) Drag.
o 1.3
-04 1 e 1\ 5o
Pt W VAN
-V '-_-_4—-4- -—"_";':‘—:%
q,‘#-.aﬁ — === ==
-12
12 14 6 18 20 22 24

Ve
{c) Pihching-n’onant .

R = [.70 %

(3imilar curves plotted for Reynolds numbera corresponding to each atation.)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTKS

8927 "ON NI VOVN




1.6 =0 0156, 03090 odsho 05878 07071 o.8050  Oufglo  0.951L  0.5877

A= ba10x0® ) 26a0é  3.e3act 3 y2>a0 3.0pa0f  2,7000%  2lzaof  2a8aef  2.0220°  1lao®

£ = 0.200 0.195 0.188 0,180 0,172 0.161 0.150 0.139 0.129 0.123
14 P, — e P sl 1“—:“ /’—h'\\ b, - /.—-\

{ 4 < <~ N e < N
// A // /f // pd pd i v :‘/ W //
12 / // 1‘/ Z d /] f /| f /] 7_/ // d
/1L AEN4AND4ARDaAnYy / )4
vo A7 yAR A /
/ ARNany / / / /
/ AT/ / / / /

’/ / / / 1/ '/ CONMITTEE FOR ABMMAUTICS
e -4 0 ¢ & I2 K 20
0 0 o o () 0 o o 0
Xq
{») Lift.

Flgure 3.- Jection characteriatios of example wing.

B89ZT ‘ON NI VOVN

BE *8T4




s b T T T e e vt
E- = 0,200 0.295 0.188 0,180 0.171 0.161 0.150 0.13% 0.azg 0.123
L2 -
/ / AN 40v4 % 4
/ / [ / ) )
> ARNANN
6 \
4
2
0
\
iy N T RN\
0 004 008 0 0OF CORMITIEE P AEMRAICS
0 0 0 0 0 0 0 0 0
ad,
{b) Drag.

Flgure 3.~ Continued.

gg ‘314

8027 °‘ON NI VDVN




Ei::o ‘ 0.156] 0.30906 0.4540 0.5878 0.7071 0.8o090 0.8910 0.9521 0.9877
e PRIERDT VIS T NENT 1Mt alpt zieaf zapaot mamaf gt
\ \ \ \ \ \
12
\ \ \ \ \ \ \ ‘ ) )
0 INENEENEEN R R
\ \ \ | 1 \
8 l
£
4
2
0
=2
4 NAT IONAL
- - - ADVISORY
¢ -4 0.03 g 0 0 0 0 0 0 O COMRTIEE Por AOMTICH

(o) Pltching-moment.
Flgure 5.- Conoludef.

6027 "ON N.IL VOVN

og *S81d




Fig. 4 NACA TN No. 1269
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